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Abstract. The mixing process of a newly developed binder system based on waste polystyrene (PS)
and palm kernel oil (PKO) to produce feedstock for metal injection molding (MIM) using
aluminium waste as metal powder is described. Since mixing is a critical step in MIM process,
therefore the mixture of powder and binder should be homogeneous and moldable. In this study,
aluminium powder produced from waste aluminium alloy was mixed with a new binder system
consisting of waste polystyrene and palm kernel oil in a Brabender Plastograph EC rotary mixer.
Several tests were performed to assess the homogeneity of the feedstock that was produced at 60
vol.To powder loadings. The tests conducted were density, binder burn-out and SEM morphology
observation. It was found that the feedstock shows good homogeneity and suitable for further
processing in MIM.
Introduction
Aluminum is a widely used material because of its properties such as light weight, good
mechanical strength, corrosion resistance, low density and cost advantage depending on
the manufacturing method [1,2]. Aluminum alloy produces by powder metallurgy has been used in
many applications such as aerospace and automotive industries [ 3].
The recycling of aluminium generally produces significant cost savings over the production of
new aluminium even when the cost of collection, separation and recycling are taken into account.
Over the long term, even larger national savings are made when the reduction in the capital costs
associated with landfills, mines and international shipping of raw aluminium are considered.
Aluminium recycling is the process by which scrap aluminium can be reused in products after its
initial production. The process involves simply re-melting the metal, which is far less expensive and
energy intensive than creating new aluminium through the electrolysis of aluminium oxide
(Al2O3), which must first be mined from bauxite ore and then refined. Aluminium alloys are widely
used in many engineering applications due to its unique features of lightweight and high strength
properties. Metallic injection moulding (MIIvI) technology has been successful in making precision
components out of metallic powders. However, MIM is known to undergo severe dimensional
change after sintering. Furthermore, aluminium powder is known in the powder metallurgy area to
be the most difficult material for sintering, because the surfaces of powder particle are covered by
persistent oxide layers that that is always present and cannot be broken or removed by heating. This
paper presents preliminary studies on the suitibility of waste polystyrene binder system with palm
kernel oil to produce feedstock using waste aluminium powder in Metal Injection Moulding(Mn4).
Powder metallurgical of aluminium materials can be produced through a variety of
manufacturing routes such as atomisation, melt spinning and subsequent crushing of the ribbons
into flakes, and mechanical alloying. Almost any metal can be produced in powder form that can be
processed by MIM.
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Materials and Procedure
Preparation of powder mixtures. Aluminum alloy waste A16061 from machining process(lathe
machine) that was mechanically crushed using ball mill machine was used in this study as the metal
powder. The produced powder is irregular in shaped with size in the range of 15 to 22 pm.The
SEM observation of the metal powder is shown in Fig. 1. Meanwhile Table 1 shows calculation for
100 g feedstock with powder loading (PL) 0.6
Fig 1: SEM micrograph of aluminium waste powder
Table I : Calculation for 100 s feedstock
Pfi, ToWpowder ToWbinder w-Al(e)
W-Binder
(e)
W-PS
(e)
W-kernel
(e)
60 Vo 0.891 0.1092 89.081 r0.919 6.551 4.367
Polystyrene and Palm Kernel Oil. Degradation temperature of Waste PS and palm kernel oil
were measured by TGA/DTA linesis Thermo balance where it was found that the highest
degradation temperature is 363 'C and the lowest is 324'C, which indicated that the mixing
conditions must be below the degradation temperature of both binder constituents. Table 2 shows
the binder system properties.
Table 2 : Binderproperties
PL Binder Designation Melting("c) Density( g/cm') Binder ratio(weight Vo)
60 Vo
Primarv Binder Waste polystyrene 185 0.906 60
Secondary Binder Palm kernel oil 30 0.9087 40
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Fig. 2: Aluminium feedstock
Homogeneity Test. Homogeneity of the feedstock was analysed by means of density
measurement [4,5], using the Archimedes water immersion method according to MPIF Standard 42'
binder burn-out t"rt urirg TGA(TGA/DTA Linesis Thermo balance) [6], and scanning electron
microscope (SEMXJSM O-f SOLA ) with back scattered electron imaging [6]'
Results and Discussion
Homogeneity Analysis. The results of the density measurement for feedstock of five different
samples are shown in Table 3 below. It can be observed that there is slight difference of density
value, due to difficulty to produce a homogenously perfect feedstock [7]'
Table 3 : Density measurement of various samples'
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Mixing process. In order to produce homogeneous feedstock, several factors such as time'
temperature, powder size and shipe, formulation of binder, shear rate' and powder loading are
parameters that need to be considered [5]. Nevertheless, in this study, only three parameters were
selected in order to establish a suitable mixing condition. These were mixing temperature, mixing
speed and mixing time. The composition if polymer-wax binder system were mixed with
aluminium powder at the temperature of 190"C with rotational speed of 30 rpm by using a rotary
mixer (Brabender plastograptrEC) for I hour. The 190'c temperature was selected to prevent the
binder constituent from degrade since it is within the highest melting temperature (185 
'C) and the
lowest degradation temperature of the binder system (324'C), thus allowing complete melting of
waste pS and pKO. Waste pS was heated for about 10 minutes following with addition of metal
powder step by step until all the metal powder mixed well with melt Ps. Subsequently, palm kernel
oil (PKO) was added into the mixer and blended with the rest of the compositions for about 60
minutes [4,5]. Later, the blended feedstock as in Fig'2 below is taken out from the mixer and leave
to cool at room temperature before being crushed into small pallet using Granulator machine'
Secondly, in binder burn-out test, the homogeneity of the feedstock was assessed by comparing the
weight loss of each binder. The weight tols percentage of binder in the feedstock can be found
through rhermogravimetric curves that represint the pit"entage of the binder in the feedstock [8]'
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The results for five different samples showed the corresponding thermo gravimetric curves are
better replicated and the mass change for PKO and waste PS are almost the same for each loss
except slight difference which is consider minimal as shown in Table 4.
Table 4 : Mass loss for binder of various samples
Sample Mass loss (PKO,Vo) Mass loss (PS, Vo)
Sample 1 0.02 4.33
Sample 2 0.02 4.34
Sample 3 0.02 4.38
Sample 4 0.01 4.44
Sample 5 0.02 4.35
Lastly, the scanning electron micrograph of the feedstock is shown in Fig.3 below. It is observed
the the feedstock is homogeneous because the powder was coated with the binder.
Fig. 3: SEM micrograph of feedstock
Conclusion
From the results of different homogeneity analysis techniques, it is assumed that the composite
binder, composed of waste PS and PKO can be used to produce homogenous feedstock for MIM
process. It is verified by density measurement test of feedstock, where the density values are almost
the same for various samples of the feedstock. Binder burn-out test of five different samples using
TGA/DTA method also revealed the feedstock is homogenously mixed. Moreover the SEM
micrograph observation also shows the powder particles dispersed homogeneously into the matrix.
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